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PHYSIOCOCHEMICAL PROPERTIES OF BORON-CARBON ALLOYS

The molten system of boron and carbon bhas been studied several timés

|
i
;
|
i
i
!

resistance. In 193h, Ridgvay! has carried out the Xx-rey
ocarbide powders ().cﬁ. Be also determined melting poiats, specific resistames,

teste
Systematic analysis of the phese diagrem for the borom eardide system
started by Ormomt® 1n 1939 and was further reportet ia s later verk®., In

that the borom ocarbide is formed by the reversible resctica: (B + [liguid A
rich i oarbom] = B,C) and the presence of eutectic compoeitiom at (30.8% ©
wvas It vas supposed that the sbove eutectic was between dorem eardide
ead carbon phases. G. C. Zhdanov*, et al have studied the structure of bewrea
cardide and have established that it consists of a rhosbohedral crystalline
call vith a = 5,60 and ¢ = 12,1 A°. :

In 1953, Zhdanov, et al® have proposed a hypethesis in which they
postilated that substances with covalent bomds may ferm salid solwtiens wnder
conditions of preserving the directiomal character of the eovalent benfls. I
partionlar, in case of boron ocarbide, same replacement of the portien of emsben
atams ia the (1 ) position of boron atams which, possessing
fora & linear valemce configuretion similar to carbem atems.

|

. Detalled analysis of this question® bas showm that such displacepent
of oarbon atoms in ByaCy (=B4C) vith the formatiem of Byg0p tabes
Blase; it vas alse pessidle to determine the arystal cell distances in the R0
wvith greater precision. The following values vere htainel: o »
A.098¢ 0.002 A°, o = 12.12 + 0.002 A°. Certain physical end echemieal chasester-
istics of the B 30s carbide were odbtained. .

Glaser, ¢t al” have oarried cut ea x-ray smalysis as well as deter-
nimation of specific gravity and resistance of the borem-carbon melts i the
regioa from b-60 mole § carbon. These suthors show that the interete:is
distances in the crystalline phases as well as the speeific gravities of these
solid solutions comtimucusly incresses vhile th
these 20114 solutions decreases in the regiom of 4-20 male § carbem. This
observwation allowed the suthors to postulate s comtimucus series of selid
seluticns of carbom ia boron in the region of concentration that were stwdied.
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PFinally, Allex® hes studied the interstomic distamees and spesifie
gravities of melts that may be described by empirical fermmlas BAC, By.gef,
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Figure 1. Microstructure of the boroa-carban alloy semples (magaifisstion™
(X600)) Allay compositions in § C. & - 5.11% before heat trestmmmt,
b - 5.11§ after heat treatment, c - 9.93§.
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d-15.89%, e - 17.47%, r - 22.38%, g - 24.07%, h - 33. -
4_52'60’"»62.5(7;. 384, g ™, h - 33.97%, 1 - A2.508

In figure 1 we show the structure of certain o8 of
alloys. The sample containing 5.11% C before heat t.n::t -M:?:;m
polyhedral structure vhile after beat treatment one motices the sppesreses
of needle like crystals presumably denotiag a eutectic allay. With the rise
in the carbon content of the baron carbom samples. 9.935C the sryetalline
. character, comprising up to 70§ of the semple area, tends to lasse %he acedle
like crystalline eppearance and becames polyhedral ia its charecter. IS is
Recessary to note that the structure of the alldys comtaining frem 9.95.26.07
wveight § carbon is similar before and after the vacuum heat
Starting with 12.71 weight ¢ carbon one notices a certaism amount of &uplice-
tion somevhat diminishing orly in & sample containing 2k.07$C. Nowever a
portion of the above mentioned crystalline sauple does not exhidit &plication
:nd h.-rn bright surface viiich presumably testifies to the
ypes of crystalline spec:es In the micrograph of the sampl ocatainiag
33.9T$C a crystalline eutestic is noted. (see figure 1 h) l;ﬂ farther in-
crease of the carbon content of boron-carbon alloy samples & nev phase appear
on tin eutect o bu"r.gr;:';Li The maximum amount of this phase wvas moted i s
sample cortaining (.. $(. A i the samples, after photom rographic amalys
were crushed to & firne ;. wier and tuen aub:‘ect-ed tg the :frq m;u. m:;'
vere carrimd Cul w.tn 2opper gnonrce and nickel filter. The results of the
x-ray analysis are coown nrapuically ‘n figure 2,
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Figure 2. X-ray diagrams of B-C systems; C is carbon limes: W Borem limes;
8 of nev phase B,\C,; other lines belas AeC strwsture.
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mhu.umy Of the x-ray diagram shows that even t . M-0T%eA malt
contaiaing &s little as 5.11%C exhibits a different pattern ting & erys-
talline s¥ucture different from pure boron. The structure of
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on
\\the main phage
of this fh)% may be described as & structure of s new borom-catdide

(9,2Ce or ,P,c. ). . . W\

\
. D' Ahe sasple containing 5.114C along with the lines deroa
cardide W) one als. notes !ires of pure boron which in conjundtion d: the
data ddidined from microphotographic ana:vsis allows to postulate presence
of solid soclution of ~arton in horon along vith the conventicoal berca oarbdide
(BeC). / Yp umtil the 22.5% we., /. % ~art n the samples of melts codbaia ealy the
BeC lihes. Vith the sample coutaining [4.07 veight § carbon the x-rey diagren
charsbyexr is changed. However tLe cnara.teristic doublet of borem ‘
does DeA disappear. Murther nurease in the boron content leads tn @'y
chenge /in the structure of the al.oys. Along with the lines of ren
: ORe BYAMS the appearance of a nimber of new lines vhich are most
' the lfrq disgraa of the melt containing 72.5%C. '
‘ i

1\
, Por determination of spe-.fic gravities of povdered samples of the derom-
carbos melts picnometric metinod of Aamalvs.s was used vith xylene. .MA resulting
dats listed in Tabie © ant u-2 ;. itied r Figure 3. It can be l‘.mu‘
daty that the sjecifi: grav.ty o the buron-~arbon melts incressed 4o aisus
206 *mrbon after whizh [t te, s tc decl:ne. These data therefore eo the
i
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date of Glaser’. The micronardness of melts, messured vith the aid of the ne-3
Spparatus using a 40 gram load (see tabie 5 and figure 3) also increases as a
function of carbon contents (from 5.11-17 L7$C) after which 1t drope repidy.
The microbardness of the ma.n phase in a system containing 42.5C is of the seme
order of magnitude as that of the boron-carbide containing 17.M7¥C.

| PHYSICAL PROPERTIES OF BORON-CARBON

Carbon )
Content Density Microbardness Rosistamee
Weighty _gm/cm g /mm

5.11 2.310 2995 +h43 1.

9.9 2.h00 30421497 -
2.1 2.458 3580+501 b.95 T 1072
15.89 2.53) hh60-BA3 3.1h4
17.87, 2.548 3108063
22.83 2.456 523h27 %
2%.07 2.503 2790+117 7.1%
23-97 2.37 _

.5 2.3 1.2
52.6 2.47 ba30+h35 0.8
62.5 2.10
T2.5 PN ) - -

Klectrical resistance of the boron carbide samples contaiaing 35.11% emrdon
falls repidly im comparison with the electrical resistance of pure after
which it inecreases #—'- ' ‘g at & maximum {a the melt centaining 85.008 earben.
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The character ({ tie itarge .n *ne electrical resistance of the boron
carbon alloy samples with the (ncrease in their carbon content allows to
postulate following hyjothesie. The electrical resistance of boron is in the
order of 7.7° x 10% ohm/cw i whioh may te accounted for, supposedly, by the
complete campensation .U ail the vaience tonds of boron atoms in the borom crys-
tal. Upon addition of certa:n amounts of carbon to boron there occurs a& change
in the structure of the crystalline unit cell which, hovever, leaves same unsetis-
fied -C-C- bonds which would account for appearance of a certain samount 34
electrical conductivity. With further addition in the carbon conteat of same
of the boron carbon alloys these unsatisfied -C-C- bonds are compensated and form
conventional covalent bonds, cummon to the conventional borom carbide crystal,
this in turn of course Jeads to tne increase in the electrical resistance. The
maximum resistance corresponds 1o tne campletely satisfied boron carbom matrix
vith the conventional, directional, covalent bonds of the boron carbide crystal
(B4C). The electrical resistance determined on the 24 .0T$C sample of borom
carbide {s of the same order of magnitude with the value that Ridgway lists for
the samples of boron carbide that he studied. (k.15 and .45 obm/am). Summaris-
ing the data obtained in this work, it is possible to drawv the following comclu-
sions.

i K.

st a6 e -

Upon addition of carbon to boron in the amount of 2-3f a eutectic is
formed containing boron or a solid solution of carbon im borom with borom carbide
B;sCe, vhich contains as the results obtained from determination of microhardness,
density and electrical resistance, an imperfect crystalline structure, that is,
vacant spaces in the -C-B-C- of the boron carbide B;yCs.

Upon further increase in the carbon content of the boron-carbom alloys
there occurs & gradual "filling-in" of the vacancies in the crystal shell uatil
the carbon content reaches the level equivalent of the carbon comtemt in B19Ce.
Boron carbide B;4Cp is in turn capable of forming solid solutions with carbom
eventually forming the B,pCsy carbide (that 1s, forming -C-C-C- in additiom to
-C-B-C- bonds).  This latter carbide forms eutectic compositions with the car-
bide BnCy, which is richer in carbon than B¢C and which has a tentative formula
BCg. This carbon rich boron carbide material (eutectic) is the product of the
folloving reaction, BnCm_:* B4C+C, vhich is reversible and is usually accompsnied
by formation of free carbon. On the basis of the above hypothesis we have con-
structed a phase diagram describing the boron carbon system containing up to
60-70% carbon shown in Figure %. It has to be noted that this system satis-
factorily agrees with the data deacribed in earlier vorks pertaining to the study
of boron carbides. :

CONCLUSIONS

1. An x-ray and a photomicrographic study of the boron carbon system has been
made vhich includes determinations of electrical resistance and demsities of the
boron-carbon melts in the region of carbon content from § to 72.5 weight percent
carbon. In this study we show that vith the 5% carbon and higher comtemt ia the
boron-carbon melts there is produced a defective crystalline structure of boron
carbide B;9Cp vhich i charac‘erized by the presence of vacencies in the -C-C-C-
along the crystal axis of Bi3”p. in the 14-164 carbon containing melts these
vacancies are filled with tue addit onal carbon atoms forming the -C-B-C-
structure, which is then further -hanged to the -C-C-C- structure im the B,3Ce
(B4C) boron carbide. The melts containing the defective crystalline structure
of B,3Cp posmers a considerable amount of electric conductivity which is
dependent on the amount of vacancies occurring along the C axis.
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2. On the bac.a of prev.uur.y OLta:ns1 da'a and also results obtained im this
present vork an at®empt was made to derict a hypothetical phase diagram for the
boron-carbon rystea.
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